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Abstract − Using the different preparation methods, we synthesized TiO2 photocatalyst coatings and examined the photocat-

alytic decomposition of methylene blue using them. Anatase TiO2 coatings on alumina balls were prepared by Chemical Vapor

Deposition(CVD) or sol-gel methods using titanium tetraisopropoxide as a precursor. In the case of CVD-grown TiO2 photo-

catalysts, the high circulation rate of methylene blue solution and the short mean wavelength of UV lamp resulted in better

decomposition activity of methylene blue. CVD-grown TiO2 photocatalyst was found to be five times more active than the

TiO2 photocatalyst from sol-gel method.
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�� ���  ��� ��! �"� #$� �%&. � #$' (! )

*+, �-. $/ 0� 12, )*34 ��)*5� �6�7 8

)*19: ;9, <=>& (! )*+, �-7 hydroxyl radical(· OH)

, �?!&. Fujishima@ Honda� �A TiO2�B�� C� �2A�

7 D� �EF �G[1], /HIJ �K, �A�  TiO2� ��� L

8M NO3PQ7 R+S� *T�, C"T� U *$V-WXS� �

A �YZ�[ \0�]&[2-5]. ^_�7 (+! )*+, `  a7

OH 	bc, �6�d <;F e/@ f1 g� h/ijC, k�l

2A�7 UV-TiO2mM /H�� �7 ���� K6� n' op8 q

r� s��[ Ot� a&[6-10].

-uv- ���� �6F TiO27 ew2� 2xyz� {|� }�

�~&. e/<;C� �"��7 ��� ��, �/ � , C �"�

�7 �"1@ ���� 2", �1� XQ� ���� �6� �- �

�&. �� ��, >k�/ ZA TiO2M ���� �#*�d --�

�  #*�7 /�� qr�S� op� \0�  a&[11-16]. /=

� TiO2M  #3P7 �� 0�� TiO22x, �J�@ ij�d X

� --�� ��34  #�7 2xij�' ���� �J� ���

�5 ���K� s?, :��7 TiO2� �I� �9�d ?�� �

9!&. �!, TiO2� ��� �6� ��d �?F (! )*5� �

�d �J�� �*�  TiO2 2x� � �X ��� ¡y�7 �5

�, �-  a&. ug ¢�£, $/ 0�� �� �7 ¤B)* 3

4 ��, TiO2� )*3P7 ��' ug ¢�£� �¥� ¦§  ¨

' ¦��I, ©, 1 ª7 «�, �-  a&. h/¢�£*jC �

7 ¢�W¬­ ®� ¯°� --�M dip-coating ! G ��"M ±�

d TiO2�, ©7 Sol-Gel�' ²³ TiO2 �, ©7 ���� �´ n

� �6�  a-µ, ¶·C� ¸=� ��d ·1! TiO2 �, ©,

1 ª , �?F TiO2� �#�¹� n¬ ��s?, º�3P7 ��
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@ #$� ³�j ²y� n� ���7 �5�, �-  a&. ¯�:

2� yz� TiO2 �r�M N 3P7 spin coating, spray pyrolysis ®

� C"/yN (physical vapor deposition)�' ²³ qr«m�., 5

� �¥� ¦§  5� 3� �� �A-7 C"I »¥� ��d �?

F �#�¹ ��� ?�� �9�7 �5�� a&. ^_ ¶·C� ª

7 ¤¼� �, ̈ ' �I�� ½��[ N 3¾ 1 a�., �#� �

¹� I  L8I�� �?, �¿À 1 a&7 ´� ��� TiO2 �

� 5�/�� CVD�� op, Á�  a&[17-23].

H qr��7 CVD��� ¬:�5 �#r�� TiO2 �,  #34

���M 5��~�., Sol-Gel��� 5�! ���@ ÂÃÄÅÆ�

�2A Ç?, ±�d ��� s?, ¦È ÉÊ�~&.

2. � �

Fig. 1� H qr�� �6! ºË*T/yN (Low-Pressure Chemical

Vapor Deposition)́ÌM �3�~&. �w��Í� �/� �� 1Îo

Í Ï��K/M ÐÌ�d, Ñ��Ò� ¬Ó}8 )*5 �Ò� )9

$|�~&. ̄ °J Titanium tetraisopropoxide(Ti(OC3H7)4: TTIP, Aldrich)

M N�/� »O�d ¬Ó}�� �/�  ���d �K/� $|�

~&. Ð#! CVD �K�Ô� �Õ�/ �8 �K� k°�X Ö�M

×Ø  Ë+, yË�� �Õ3P7 ÙÚ�7 by-pass line�� ¯°M

�Û34 Ü�¼9M �6�d �\�~�., CVD�K 0� �?�7

Ý�7 �$Þ/ 10µm� �(Fluoro pore FP1000, Sumitomo Electric

Industries, Ltd.)�� �\�~&. �K3ß 3 hr, �hà 1,500 sccm, /

y 0� )9á� 50%, �KË+ 1 Torr, ?�Ö� 773 K, ̄ °� N�

Ö� 323 K� CVD �â�Ô�� Î½ãä� 10µm #�� TiO2 �,

åæ 8 mm� çÆè:r(Nikkato, HD-11) Z� éê�d ���M 5

��~&. Fig. 2� Ï��K/ �w� ë�@ ¹ä �´F éê�/ �

� çÆè:r� �O, :��]&.

CVD�� �6! D8 ì' çÆè:r� Sol-Gel��� TiO2 �,

éê�~7í î $# ·�M Fig. 3� :��]&. Titanium propoxide

� �12A� �! ­ 5�7 H2O, HNO3 U TTIPM ¯°��d 5

��~�., dip-coating ́ ÌM �6�d »2! ãä� éê�~&. ̂


 Ô� G� �/�M �6�d 9?Ö� 773 K�� 243ß ��"�

d ¬:�5 �#r�� TiO2 �� éêF ���M 5��~&.

Fig. 4� �3! ï� 400 mm, ð 80 mm� UV/TiO2 �2A �K/

� CVD�8 Sol-Gel��� ññ 5�! TiO2/Al2O3 ���M »O�

d � 2A�K, �3�~&. �K/7 30o r�� �]�., �´

Úò� UVóôM ÐÌ�~ , 0ß w� ���M »O�d 3°M $

|3õ�., ^ �ö w7 ÷ñ1M $|�d 0ßw� ÐÌ! ��e

M ±�d �âÖ�M 297 K� h-�~&. �2A �K' ÂÃÄÅÆ

(Jin Chem. Co)M 3°� �6�~�., 3°� ·Ûg�@ $|g��

�¿' øùúô(RP-1000, EYELA)M �6�~&. �2A�K� UV-

A(General electric, Blacklight, F15T8-BLB), UV-B(Sankyo denki, G15T8E

î"  UV-C(Sankyo denki, Germicidal, G15TB-AN)� � �- û´

e� UV�¯, �6�~&.

5�! ���� ��8 «�Íy, ��²èæ(SEM, Hitachi, S-

Fig. 1. Schematic drawing of the LPCVD experimental apparatus. Fig. 2. Photographs of the alumina balls in the quartz reactor.

Fig. 3. Procedure for the preparation of TiO2 film by sol-gel method.

Fig. 4. Schematic diagram of UV/TiO2 reactor.
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3500N)�� oü�~�., ÂÃÄÅÆ� 2Ag�7 2���m(UV-

1601, Shimdzu)M �6�d ý#�~&.

3. �� 	 
�

Fig. 5� �"þ ÿ8 Ï�h" Z� CVD�8 Sol-Gel��� ññ 2

Ï, �I�� 5�F TiO2 �� «�8 ��� Íy, ��²èæ�

� oü�d :��]&. «�Íy 0�� CVD��� ?´3� TiO2

7 /��� 1å ���� ?´�7 �#� Íy, :��  a�.,

Sol-Gel��� j?F TiO27 ��ùÑ «�, `7 �� Íy, >d

�  a&. �! Sol-Gel��� 5�! TiO2 �' Î�! ��, `-

µ CVD��� 5�! TiO2 �' ��� ¶���d Sol-Gel��� 5

�F TiO2 �� ¦�d yeI�� ̈ ' ��I, ̀ 7 D, ç 1 a&.

H qr��7 5�! TiO2 ���� s?, ÉÊ�/ Z�d �2

A�â 3	�� ÂÃÄÅÆM �6�~&. ÂÃÄÅÆ î ��7 I�

�� e�d �?, �-  a�., 
� ª�� TiO2� � F yz�

�� 2A�- ��., TiO2� d/� �X:7 û´��(330-370 nm)

��7 (! �1M �- � , ��� �K�7 ¦ÈI �[ 2A�7

Ç?, �-  aX ���� s?, ÉÊ�7í Ij�&. �2A �

K/� CVD��� 5�! ��M »O�d ÂÃÄÅÆ 6Ü(10−5-10−2

mol/l) 600 ccM øùúôM �6�d ·Û3P�� �2A g�M ý#

�d î �8M Fig. 6� :��]&. ��- û´e� UV�¯�� Â

ÃÄÅÆ 3	� ·Ûg�M 75 cc/min, 150 cc/min, î"  255 cc/min

� 
*3P. 3ß� �� ���� 
*M ý#�~&. ·Ûg��

255 cc/min� � ̂ eû´� 360 nmJ UV-A �¯��7 ÂÃÄÅÆ�

k�l 2A�X ��� �� 0� �7í 	 902� 9��]�., ^

eû´� 310 nmJ UV-B��7 	 502� ���., 250 nm� ^e

û´J UV-C �Ô��7 	 302� 9��]&. TTIPM ¯°��d

CVD��� 5�! TiO2 ���7 û´� �' UV�¯�� s?� ï

' D, ç 1 a]&. !�, Á� UV û´e�� ·Ûg�M �" À

1� ÂÃÄÅÆ� 2Ag�� N��7 æ�, :��  a&. �7

·Ûg�� N�¹� �	 �K/�� ��� � ��� @�� Í?

�X 3°@ ����8� ��/�� N��/ ���� �ñF&.

� qr��7 TiO2 ����  #���� CVD�, I6�~ , /

=� ���@ s?, ¦È�/ Z�d ²³  #���� �´ n�

�6�7 Sol-Gel�� CVD�� �6! D8 ì' çÆè:r Z�

TiO2M  #�d s?, ¦È�~&. ��I�� ��� s?' ��I

� Þ/� ��, n� �7&. Çl ���, �¬ ��@ #$, �

?� , <;C, � �  �! <;C, 2A�7 �K� �X:7

�� Áã ���� �X:7 � ��� æ�7 ��I� ��� Þ&

  À 1 a&. !� Fig. 5� �O�� CVD��� Í?F TiO2 �'

Sol-Gel��� 5�F �>& ��I� � D, ç 1 a]&. H qr

��7 ��I� L8M ÉÊ�/ Z�d CVD��� 5�F ��S,

¦� !� "¬� dù 3ß »2l �� #ü, 34 ��, Î��

[ µS]&. Fig. 7� çÆè:r Z� CVD��� TiO2M ?´3� �

��� ��8 î ��, #ü34 Î��[ �d ��²èæ�� o

Fig. 5. SEM images of TiO2 film grown by CVD and sol-gel methods.

Fig. 6. Photocatalytic degradation of methylene blue at various UV wave-
lengths.

Fig. 7. SEM micrographs of TiO2 film grown by CVD.
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Fig. 8� CVD�8 Sol-Gel��� ññ 5�! ��M � �K/� »

O�d ÂÃÄÅÆ� 2A���w$ ��� s?, ¦È ÉÊ�~&.

��- û´e� UV�¯�� ÂÃÄÅÆ 3	� ·Ûg�M 75 cc/min

��d 3ß� �� ���� 
*M ý#�~&. UV-A �¯�� ÂÃ

ÄÅÆ� ��� �� 0� �7í CVD��� 5�! ��� æ� �

��"M �- �' %& ����7 	 1502� 9��] , #ü34

��, ��'[ ! ����7 	 2002� ��&. !� Sol-Gel��

� 5�! ����7 ��� �� 0� �7í 	 1,0002� 9��]

&. �!, �¯� UV-B î"  UV-C� æ���� ì' æ�, :�

�]&. CVD��� 5�! æ� ��, Î��[ ¹��� 20-30% #

� s?� º��7 D��w$ ��� �K�� ��I� L8M ç

1 a&. UV-A �¯� �8�� CVD��� 5��d ��, ��'

[ �"! ��� Sol-Gel��� 5�! �� >& � 2As?� 	 5

( #� ï' D��w$, CVD��� 5�! ��� Sol-Gel��� 5

�! ��>& �� s?� ï' �h7 ��I� )�*µ ¬W	 �

����� �#?� +/ ���	  ß�I�� ,ý À 1 a&.

Fig. 9� h±Í � �K/� CVD��� 5�! ��M »O� , -

/á�� &� ÂÃÄÅÆ 6Ü(1.690.10−5, 1.273.10−5, 8.553.10−6

mol/l), 75 cc/min� g�� $|��� dù UVû´�� 3ß æ8�

�� ��� s?� 
*M oü�~&. Á� -/ á��� UVû´�

�,1� 2A�K� /Ó[ �X:7 D, ç 1 a�., Á� �â�

� -/�7 ï' 2Ag�M :��&� 0�� 2Ag�� �9�-

µ 3ß� æ8�d� %� �#! �K s?, :��]&. H qr�

Á� � 2A�â��7 �â �� 3°M $|�- �7 yz�� UV

óôM 13ßÙÚ ���d ��M s?3õ/ ��� �K -/� ï

' ��s?, >d1 D�� �ñF&.

!�, CVD��� TiO2M çÆè:r Z� éêÀ æ��7 ´Ì Ç

?y çÆè: 2� ë�@ ���7 w28 ë� ¬3ò�7 %� TiO2

�� j?�- �/ ���, �5�7 çÆè: 2 �� ��� 	 3/4

#�µ� TiO2 �� éê�]&. H �â��7 TiO2 �� 3/4 #�µ

� éêF CVD��� 5�! ��@ � ��� TiO2� éêF Sol-Gel

� ��@ ¦È�~/ ���, H �â�� 53! �8>& �5 CVD

��� 5�! ���� s?' �4 ï, D�� ,yF&.

4. � �

TTIPM ¯°� �d CVD��� çÆè:r Z� ¬:�5�#r�

� TiO2 �, j?�d ���M j?�~&. ÂÃÄÅÆ� � 2AM

±! ��� s? Î��â��7 ��F UV�¯� û´� �,1�,

3°� ·Ûg�� /M1� s?� ï[ :�5&. CVD��� 5�

! ��M Sol-Gel��� 5�! ��@ s?, ¦È! �8, CVD��

� 5�! ��� Sol-Gel��� 5�! ��>& 	 5( #� ï' s

?, :��]&. CVD��� 5�! ��� ��, Î��[ �"�

d ��I� �9�� ���� s?� �9�~ , ��, Î��[

�"! ��� Sol-Gel��� 5�! �� >& � 2As?� �� ï

¬ CVD��� 5�! ��� Sol-Gel��� 5�! ��>& ���

Fig. 8. Comparison of methylene blue decomposition activities of TiO2
catalysts grown by the CVD method and the sol-gel method.

Fig. 9. Photocatalytic degration of methylene blue at various UV wave-
lengths.
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H qr7 �6-�Ûæ/�7�8$� �w qr¦ -¯�� 1t
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